Summary. The movement of radio-opaque medium in the vas deferens of rabbits during sexual rest, after sexual stimulation, and after ejaculation, was followed. Bilateral injections of 20 \ g=m\ l Ethiodol were given at the vas\p=n-\epididymaljunction in the urethral direction. Serial radiographs revealed proximal transport of the dye (towards the testis) within 24 h and total containment in the cauda epididymidis within 1\p=n-\4days. Subsequently, small amounts of dye moved from the epididymis through the vas and out of the urethra during sexual rest until no dye remained (11 days\p=n-\8 weeks). Animals with a ligated vas deferens showed no decrease in dye density. Sexual stimulation moved the dye from the epididymis into the vas. The dye was then either rapidly transported proximally during subsequent rest or removed distally if ejaculation followed stimulation. Ejaculation removed some vasal and epididymal dye via the urethra; however, dye left in the vas after ejaculation was rapidly (< 30 min) transported to the proximal duct and then into the epididymis by 24 h. It is concluded that vasal contents are transported in both urethral and testicular directions during sexual rest and that, after stimulation and ejaculation, the rate of proximal transport is increased. This may be indicative of a sperm removal mechanism by the vas deferens which involves the maintenance of an optimal sperm number in the cauda epididymidis at all times.
Introduction
Recently, we investigated the changing sperm numbers and distribution patterns in the rabbit vas deferens during sexual rest and following sexual activity in an attempt to define sperm transport in more detail (Prins & Zaneveld, 1979) . Our results indicated that during sexual rest spermatozoa are transported through the vas deferens and into the urethra. Such transport provides a mechanism for removing excess spermatozoa which are not voided by ejaculations. The spermatozoa present in the vas deferens were located primarily in the proximal region of the duct with a decreasing gradient towards the urethral end. When that observed distribution pattern changed, as after sexual stimulation and/or ejaculation, it was restored within 48 h, indicating active redistribution of spermatozoa within the vas deferens during sexual rest. Upon sexual stimulation, spermatozoa stored in the cauda epididymidis were transported into the vas deferens in amounts large enough to supply an ejaculate. It was therefore postulated that spermatozoa are moved from the epididymal reservoir into the vas deferens before emission and that, at emission, spermatozoa are rapidly transported out of the vas deferens into the urethra. We have now followed the movement of radio-opaque medium in the vas deferens to study the transport of vasal contents in more detail. Apart from a limited study by Wilhelm (1935) , a radiographie technique of this sort has not previously been applied to the vas deferens.
Materials and Methods
New Zealand White sexually mature males, at least 8 months of age (Amann & Lambíase, 1967) and weighing 3-5-4-0 kg, were housed in separate cages in the same room and fed rabbit chow and water ad libitum. Semen was collected by artificial vagina every 48 h for 2-3 weeks before the experiment to standardize the sexual activity of the males. Spermatozoa were counted with a haemocytometer to obtain the total sperm output in each ejaculate.
At the beginning of the procedure, the rabbit was anaesthetized intravenously with 2-5% sodium thiamylal (Surital: Parke-Davis, Detroit Fig. 8 ), the dye in the vas deferens was slowly transported proximally until, by Day 5, the dye was contained in the epididymis (PI. 3, Fig. 9 ). This image moved deep into the cauda epididymidis and was concentrated into a tight mass by Day 8. During the next week, the dye dispersed (PI. 3, Fig. 10 ) and then concentrated several times. When the image was in the dispersed state on Day 20, the animal was ejaculated and a post-ejaculation radiograph (PI. 3, Fig. 11 ) revealed the removal of most of the dye. Ejaculation 24 h later cleared the rest of the dye from the tract. Such removal was typical when the epididymis appeared dispersed at the time of ejaculation. Other rabbits were ejaculated when the epididymal images were concentrated: in these, the bulk of the dye was not removed and several ejaculations (performed every other day) were required to clear the dye although the image decreased in density after each ejaculation. 
Group D
As in Groups -C, the dye injected into the vasa of these rabbits was transported proximally for 2-4 days until it was contained within the cauda epididymidis. Sexual stimulation moved this dye into the vas deferens (Plate 4). Dye contained in the epididymis (PI. 4, Fig 12) was transported into the right distal and ampullary vas deferens and the left proximal-distal- PLATE 3 Radiographs showing proximal movement of radio-opaque dye in a Group C rabbit after injection into the vasa deferentia and its removal after one ejaculation when the epididymides were visualized in a dispersed, uncoiled state. Fig. 8 . Radiograph after injection reveals partly opaque vasa. Fig. 9 . By 5 days after injection, all dye is in the cauda epididymidis. Fig. 10 . The dispersed uncoiled image of the cauda before ejaculation. Fig. 11 . Radiograph after ejaculation reveals almost complete removal of dye. PLATE 4 Radiographs showing distal transport of epididymal dye into the vasa deferentia of a rabbit in Group D after sexual stimulation and the proximal movement back into the epididymides during the subsequent period of sexual rest. Arrows indicate the dye. Fig. 12 . Pre-stimulatory radiograph showing dye in the cauda epididymidis. Fig. 13 . Immediately after sexual stimulation the dye is in the vasa deferentia. Fig. 14 . At 10 min after stimulation, proximal movement is apparent. Fig. 15 . By 7 h after stimulation almost all the dye is back in the epididymides. Fig. 13 ). Proximal movement of the dye was seen in the left duct within 5 min after stimulation and more so in both sides by 10 min (PI. 4, Fig. 14) . This proximal transport slowly continued until by 7 h (in this animal) most of the dye was again contained within the cauda epididymidis (PI. 4, Fig. 15 (2) the transport of the dye remaining in the epididymis after stimulation into the vas deferens. Within 10 min after ejaculation, the dye in the vas deferens showed definite signs of proximal transport which continued until it was all contained within the epididymis (30 min-24 h).
Viscosity, tissue damage, and injection pressure
The 2 rabbits injected with the more viscous Lipiodol in Groups A and C showed the same transport patterns with comparable time periods as those injected with Ethiodol (Tables 1 and  3 ). The viscosities of the fluids were 414-72 (Lipiodol), (epididymal fluid), and 24-45 (Ethiodol) cSt(x 10-6m7s). (Prins & Zaneveld, 1979) , strongly supports the theory that excess spermatozoa (in the epididymis) are removed via the vas deferens (Holtz & Foote, 1972 , 1974 .
The present data suggests a complex random or cyclic mechanism of sperm removal rather than a constant outward trickle during sexual rest. Fluid injected into the vas deferens was initially transported in the proximal direction rather than distally (towards the urethra) as was expected. Transport in the proximal direction has previously been suggested by Van Welkenhuyzen (1966) Prins & Zaneveld (1979) . The increase in scrotal vas deferens sperm numbers with the concurrent decrease in abdominal and ampullary vas deferens numbers after 48 h of sexual rest is due to the proximal transport of vasal contents which begins soon after ejaculation.
The results of the present experiments suggest that open-ended, continuous sperm transport through the vas deferens does not take place during sexual rest. Since it appears that the vas deferens is capable of both distal and proximal transport, it is postulated that the vas-epididymal system not only removes spermatozoa, but conserves them as well. The sperm distribution study (Prins & Zaneveld, 1979) showed that during sexual inactivity (i.e. most of the time) the epididymis and proximal vas deferens contained the largest numbers of spermatozoa, while only a small percentage was contained within the distal portions. This sperm distribution gradient was held constant at rest. When the epididymal-vasal contents were moved forward into the distal vas deferens, as occurred after injection of dye, sexual stimulation, and ejaculation, the changed distribution was eventually restored through proximal transport. The initiation and maintenance of a gradient which keeps spermatozoa away from the urethral opening is indicative of a conservation mechanism which attempts to maintain an optimal supply of spermatozoa in the epididymal reservoir at all times that are available for release into an ejaculate. The state of fullness of the epididymis/vas deferens would determine this optimal content, possibly via a volume/pressure feedback.
It is suggested that when the cauda epididymidis is not full, its contents are increased by the constant daily sperm production, the proximal transport of vasal spermatozoa, and by lack of removal of spermatozoa through the vas deferens. When the contents are optimal, the excess is transported out through the vas deferens during sexual rest. Such a mechanism would explain the observation that in some animals the injected dye was not transported all the way back into the epididymis, while in others the dye was either immediately transported to the cauda epididymidis or was first held at the proximal vas deferens and then transported backwards. This mechanism could also account for the large variability in time for complete removal of dye at rest.
In conclusion, these data indicate that the vas deferens is a dynamic organ which is active during sexual rest, possibly aiding the regulation of sperm reserves in the male reproductive tract. This is particularly important in light of the current interest in reversing vasectomies and developing vas deferens contraceptive devices.
